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INTRODUCTION 


The major source of contamination in spacecraft is internal. 
Outgassing of polymers, greases, and other organic materials at low 
pressures in space and test causes contamination. Condensation of 
contaminants on cold surfaces, such as particle detectors or optical 
surfaces will seriously reduce the efficiency of such units and give 
erroneous results. In addition, excessive outgassing may lead to 
corona inception and multipacting and can modify physical properties 
of the polymers. 

Materials intended for use in spacecraft are routinely tested 
at low pressures, and outgassed substances are condensed on cold 
surfaces at liquid nitrogen temperature - 196° C. These condensates 
are then analyzed by infra-red spectroscopy, and gas chromotography- 
mass spectroscopy. 

At GSFC , the polymers are tested and allowed to outgas isothermally 
at 125° C and 10 _6 torr or less. Valuable information can be obtained 
by extending the temperature range below and above 125 ° C. The 
performance, of substances of interest to NASA, was investigated by 
thermogravimetr ic analysis (TGA) from room temperature to 450 ° C or 
until the substance decomposed. 

Thermogravimetric analysis of a substance is a useful technique 
for studying its thermal nature in both static and dynamic thermal 
environments. It gives considerable insight into the stability and 
characterization of substances and the changes they undergo in varying 
thermal environments. 
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PROC EDURE 

Thermogravimetric analyses are run on a DuPont 950 

metric Analyter • *° Vln9 ^ 

equipment and shifting to a vacuum atmosphere, all runs were per 

A new procedure is current in use with sample — The new 

thermal program proceeds as follows: 

.. Each sample is run isothermally at ambient temperature 

, alf hmir or ten minutes after 
(20° C to 30° C) for one-half hou 

reaching minimum pressure. 

„ T he temperature is then programmed to rise at maximum rate 
(approximately 50- C/min.» to the isotherm temperature. 

The recorder is set to measure temperature vs. weight 
during this phase. We thus measure overshoot as the sample 
is heated. We routinely mark the graph at 60 s 
intervals during the heat-up phase. This is accomplished 
by momentarily depressing the weight axis null button. 

.. The sample is then held isothermally at the desired tempera- 
ture ,126- c. 200- C. 250° C, for 24 hours and the weight 
U measured as a function of time. The final step, the 
temperature decomposition phase, is programmed to rise at 
c to 4- C Per minute from the established isothermal 
temperature to 4S0- C or until the sample decomposes. 

— The four thermal steps are: 

1. Room temperature isotherm. 

2. Room temperature to isotherm temperat^ isotherTn 
unit previously set to stop at the 

temperature . 

3 . isothermally at desired temperature for 24 hours. 


4. Sample 
250° C) 

DISCUSSION OF TABLE S 

The following is an 
in the tables: 

Column 3 

Columns 4 and 5 


Column 6 


is heated from isotherm (125° C, 200° C, 
to decomposition. 

explanation of colums 3, 4, 5, 6, 7, and 8 

Shows the weight loss of the sample 
at ambient temperature - (20° C - 30° C) 

As the sample is heated to the isotherm 
temperature, the rate of weight loss 
increases. This rapid rate of weight 
loss persists for a short time after 
the isotherm temperature has been reached. 
The rate of weight loss then decreases 
and levels off. There appears to be a 
loss of volatiles during the heating 
phase with some of the volatiles coming 
off after the isotherm has been reached. 
These two portions, that which comes off 
before the isotherm is reached, and that 
which comes off at the isotherm, are 
listed separately in columns 4 and 5. 

The sum of columns 4 and 5 gives the 
total weight of these volatiles lost. 

After the weight curve levels off, there 
is a continuing slow loss of weight at the 
isotherm. This weight loss is measured 
for one day, and the values are listed 


in column 6. 


Columns 7 and 8 


After one day, the temperature is 


programmed to rise at 3° C to 4° C per 
minute. The recorder graphs temperature 
vs. weight. The graph starts as a 
straight line; at some temperature the 
graph curves down, meaning that the rate 
of weight loss is increasing. The 
straight line portion of the graph is 
extrapolated. Column 7 lists the tem- 
perature at which the line curves down; 
the temperature at which the rate of loss 
is noticeably greater than the constant 
rate. Column 8 lists the temperature at 
which the actual curve is 0.2mg (or 0.2 
inches) below the extrapolated line. 

This measurement is an arbitrary one and 
was chosen because it is less subjective 
than the figure in column 7 and gives 
another point of comparison between 
different samples. 
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differential thermal analysis (DTA ) 

Differential thermal analyses are conducted with a DuPont 
Model 900 DTA unit. Two tubes, one containing sample and the other 
a reference material, such as glass beads, are heated at a uniform 
rate in a heating block. The sample and the reference material will 
initially be at the same temperature. The temperature differential 
will remain zero as the two are heated unless the sample undergoes 
an endothermic or exothermic reaction. The DTA unit plots the temp- 
erature of the heating block on the x-axis. On the y-axis it plots 
the difference in temperature between the sample and reference, AT. 
An exotherm is plotted as a rise from the base line, an endotherm as 


a decrease from the base line. 

Comparison of graphs 18 and 19 shows that a large part of the 
apparent slow endotherm on C-19 alone is due to an instrumental 
thermocouple imbalance. In samples of C-19 with excess 40% KOH 
this imbalance is masked by the high specific heat of the solution. 

several silicone rubbers were analyzed by DTA. these being NASA 
Goddard IAF-E-332 silicone, S- 383-70 silicone, and £-515-80(1). The 
temperature range was from -125- C to 25- C. The samples, plus the 


heating block which theywere in, were cooled in liquid nitrogen and 
then warmed to room temperature at a programmed rate. 

CONCLUSIONS 

C-19 does not undergo either an endothermic or an exothermic 
reaction at temperatures below 100* C. It does not react alone, nor 
with excess 40% KOH, nor with excess Ag.,0 in 40% KOH. 


CONTINUATION 

Additional runs ara being made with other separator materials 









of interest to NASA. 




EXPERIMENTAL PROCEDURE 

Sample C-19, a cellophane separator used in batteries was 
tested. The separator has been impregnated with Ag.,0 and is used 
in a KOH electrolyte. 

Glass beads are used as the reference. Runs were made of 
40% KOH solution against glass beads to determine any endotherms 
caused by evaporation of water. 

Runs were made of glass beads vs. glass beads to detect any 
slope in the base line caused by thermocouple imbalance. 

DISCUSSION OF RESULTS 

The C-19 in 40% KOH showed no reaction below 115° C. Between 
115° C and 120° C there is a sharp endotherm. If the sample is 
cooled and reheated the endotherm does not occur. The same results 
are found for C-19 plus Ag 2 0 in 40% KOH (see graphs 10-1 and 11) . 

The C-19 alone showed a much less sharp endotherm starting at 
about 90° C. (See graphs 13, 15). A sample of C-19 stored over 
Drierite" showed a similar diffuse endotherm with a less rapid 
drop between 90° and 110° C (See graph 14, 17). 

The samples of silicone rubber, graphs #60, 61, 62, showed no 
phase changes in the rang<-125° C to 25 » C. On the initial samples 
a phase change for condensed water was shown at about 0° C. The 
latter sample tubes (#60, 61, 62) were closed and showed no ice to 
water phase change. (See graphs 60, 61, 62) 
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